We present the first X-ray study of Collinder 261 (Cr 261), which at an age of 7 Gyr is one of the oldest open clusters known in the Galaxy. Our observation with the Chandra X-ray Observatory is aimed at uncovering the close interacting binaries in Cr 261, and reaches a limiting X-ray luminosity of L X ≈ 4 × 10 29 erg s −1 (0.3-7 keV) for stars in the cluster. We detect 107 sources within the cluster half-mass radius r h , and we estimate that among the sources with L X 10 30 erg s −1 , ∼26 are associated with the cluster. We identify a mix of active binaries and candidate active binaries, candidate cataclysmic variables, and stars that have "straggled" from the main locus of Cr 261 in the colour-magnitude diagram. Based on a deep optical source catalogue of the field, we estimate that Cr 261 has an approximate mass of 6500 M ⊙ , roughly the same as the old open cluster NGC 6791. The X-ray emissivity of Cr 261 is similar to that of other old open clusters, supporting the trend that they are more luminous in X-rays per unit mass than old populations of higher (globular clusters) and lower (the local neighbourhood) stellar density. This implies that the dynamical destruction of binaries in the densest environments is not solely responsible for the observed differences in X-ray emissivity.
INTRODUCTION
Open clusters with ages in excess of a few Gyr are relatively rare in the Galaxy (e.g. Kharchenko et al. 2013) . Some aspect of their properties (perhaps their large initial mass or their location out of the Galactic plane, where they avoid interactions with large molecular clouds or the disruptive pull of external gravitational forces) helped them survive until old age.
Studies of old open clusters, with their well-developed subgiant and giant branches, have been a cornerstone of stellarevolution theory for many decades, thanks, in part, to their accurately measured ages and distances.
From the X-ray point of view, old open clusters are interesting for a number of reasons. First, X-ray observations efficiently detect different classes of close, interacting binaries, enabling the study of processes such as tidal coupling and the link between X-rays and rotation. The X-ray luminosity of late-type stars strongly depends on stellar rotation. As single stars age, they spin down due to magnetic braking (Pallavicini 1989) . As a result, their X-ray emission decreases accordingly. An old star like our Sun (∼4.5 Gyr) has an Xray luminosity of about 10 26 to 10 27 erg s −1 (0.1-2.4 keV; Peres et al. 2000) . Even with the deepest exposures of a sensitive X-ray telescope like the Chandra X-ray Observatory, this is nearly impossible to detect except for the nearest stars. Nevertheless, an early ROSAT observation of the old open cluster M 67, which lies at ∼840 pc (Pasquini et al. 2008 ) and is about as old as the Sun (4 ± 0.5 Gyr; Dinescu et al. 1995) , revealed a large number of X-ray sources among the cluster members (Belloni et al. 1993 ). Many of these turned out to be close, tidally interacting binaries where the stellar rotation is locked to the orbital period, and therefore kept at a level that can sustain magnetically active coronae. Subsequent XMM-Newton (Gondoin 2005; Giardino et al. 2008; Gosnell et al. 2012) , and Chandra (van den Berg et al. 2004 Berg et al. , 2013 Giardino et al. 2008) observations of old open clusters have detected many such active binaries (ABs). ABs can be binaries of two detached stars, or they can have a contact or semi-detached configuration such as in W UMa and Algol binaries, respectively. In terms of number of sources, ABs are the most prominent X-ray source class in old open clusters, but other classes of interacting binary are represented as well. In cataclysmic variables (CVs), the X-rays are the result of accretion from a late-type main-sequence donor onto a white dwarf. In fact, the first ROSAT observation of M 67 was aimed at studying the X-rays from a CV that was discovered in the optical (Gilliland et al. 1991) . The origin of the X-ray emission from more exotic open-cluster binaries, like blue stragglers, is less well understood, but in X-rays they are more similar to the ABs than to the mass-transfer sources (van den Berg 2013) .
A second motive for studying old open clusters in X-rays, is that their stellar densities lie in between those of the solar neighbourhood (∼ 0.1M ⊙ pc −3 ) and dense globular clusters (≥ 10 4 M ⊙ pc −3 ). This allows an investigation of the effect of stellar dynamics on the clusters' close-binary population, in a poorly studied density regime. With the growing sample of old open clusters studied in X-rays, it is now possible to do simple statistics regarding the number of sources detected in each source class. It was found that the number of CVs in M 67 and NGC 6791 scale with the present-day cluster mass, pointing at a primordial origin. For ABs, that proportionality is not so obvious, raising the issue of whether dynamical interactions that break up or create binaries, play a role (van den Berg et al. 2013 ). The expected low encounter rates in open clusters do not seem to favour the latter explanation. Nevertheless, there are clues that dynamical encounters shape the properties of at least some binaries. N-body models of M 67 (Hurley et al. 2005) suggest that primordial binaries and dynamical encounters are necessary to explain the bluestraggler population of M 67. Some individual systems, such as the likely triple S 1082 in M 67 (van den Berg et al. 2001; Sandquist et al. 2003 ) is also difficult to explain without invoking encounters. Therefore, the origin of the X-ray sources of old open clusters may not be solely primordial.
The X-ray emissivity, or the integrated X-ray luminosity per unit of mass, of globular clusters is lower than that of M 67 after removing the contribution from luminous low-mass X-ray binaries (LMXBs; e.g. Verbunt 2001). Ge et al. (2015) compared the X-ray emissivities of more diverse environments including dwarf elliptical galaxies and the local neighbourhood, and found that old open clusters also have higher X-ray emissivities than other old stellar populations. Various explanations have been suggested, relating to either the overall mass-loss history of the clusters, differences in dynamical encounter rates, or the processes underlying the X-ray emission. More study is needed to determine which of these factors are responsible.
In order to improve the census of X-ray sources in old open clusters, we are undertaking a survey with Chandra of open clusters with ages between 3.5 and 10 Gyr. The observations are designed to reach a limiting luminosity of L X ≈ 10 30 erg s −1 (0.3-7 keV), or better, at the distance of the clusters. As part of this survey, we have carried out the first Xray study of Collinder 261 (Cr 261), and we present the results of our efforts in this paper. With an estimated age of 6-7 Gyr (Bragaglia & Tosi 2006) , Cr 261 is one of the oldest open clusters in the Galaxy, being superseded in age by NGC 6791 (8-9 Gyr) and Berkeley 17 (8.5-10 Gyr) only. The cluster metallicity is close to solar (Drazdauskas et al. 2016) , and reported values for the distance and reddening lie between 2.2-2.7 kpc and E(B − V) ≈ 0.25 − 0.34, respectively (see e.g. Gozzoli et al. 1996 , Carraro et al. 1999 , Bragaglia & Tosi 2006 , with a higher value of the reddening considered more plausible (Friel et al. 2003) . In this paper, we adopt a distance of 2.5 kpc and E(B − V) = 0.34, unless stated otherwise. The latter corresponds to a V-band extinction A V = 1.05 for the canonical ratio A V /E(B − V) = 3.1, and a neutral hydrogen column density N H = 1.9 × 10 21 cm −2 (Predehl & Schmitt 1995) . The Galactic coordinates of Cr 261 are l = 301.7
• , b = −5.5
• ; due to its low Galactic latitude and location towards the bulge, the number of fore-and background stars projected onto the cluster is high. Cluster membership is poorly constrained for the majority of stars in the field. Cr 261 is included in the star cluster catalogue of Kharchenko et al. (2013) , which lists structural parameters such as the overall size of the cluster and the radius of its central region. In this work, we present an estimate for the half-mass radius r h and the approximate mass of Cr 261, which, to our knowledge, have not been reported in the literature before. These parameters facilitate a uniform comparison with the X-ray properties of other old Galactic clusters.
We present the X-ray and optical observations, and the data reduction in Sect. 2. In Sect. 3 we describe the analysis, which includes the creation of the X-ray and optical source catalogues, their cross-correlation to identify candidate optical counterparts to the Chandra sources, and the derivation of the structural properties of Cr 261. Sect. 4 is focused on the X-ray source classification. In Sect. 5 we discuss our results in the context of the X-ray emission from other old stellar populations, and we summarise our findings in Sect. 6.
OBSERVATIONS AND DATA REDUCTION

X-ray Observations
Cr 261 was observed with the Advanced CCD Imaging Spectrometer (ACIS; Garmire et al. 2003) on board Chandra starting 2009 November 9 14:50 UTC for a total exposure time of 53.8 ks (ObsID 11308). The observation was made in Very Faint, Timed exposure mode, with a single frame exposure time of 3.2 s. Kharchenko et al. (2013) Kharchenko et al. 2013 2 ) close to the I 3 aimpoint, so that a larger contiguous part of the cluster could be imaged (see Figure 1) . The CCDs used were I 0, I 1, I 2 and I 3 from the ACIS-I array, and S 2 and S 3 from the ACIS-S array.
We started the data reduction with the level-1 event file produced by the data processing pipeline of the Chandra X-ray Center and used CIAO 4.5 with CALDB 4.5.5.1 calibration files for further processing. To create the level-2 event file we used the chandra_repro script. A background light curve in the energy range 0.3-7 keV was created with the CIAO dmextract routine using source-free areas on the ACIS-I chips, and was analysed with the lc_sigma_clip routine. No background flares with more than 3σ excursions from the average background count rate were observed, hence the total 1 Here we refer to the Kharchenko et al. (2013) parameter r 2 , which is defined as the distance from the cluster centre where the projected stellar density drops to the average stellar density of the field. 2 The cluster centre is redetermined in Sect. 3.3. The dashed white circle marks the half-mass radius of the cluster (r h = 384 ′′ ± 38 ′′ ). Blue rectangles show the offset field used for determining the background stellar density. Small white rectangles are regions of zero optical exposure. North is up, east to the left. exposure was used for further analysis.
Optical Observations
We retrieved optical images of Cr 261 in the B and V bands from the ESO public archive. These data were taken as part of the ESO Imaging Survey (EIS; program ID 164.O-0561). The observations of Cr 261 were made using the Wide Field Imager (WFI), mounted on the 2.2m MPG/ESO telescope at La Silla, Chile. The WFI has a field of view of 34 ′ ×33 ′ covered by a detector array of eight 2k×4k CCDs with a pixel scale of 0.
′′ 238 pixel −1 . The Cr 261 data were taken from 2001 June 27 23:55 UTC to 2001 June 28 00:38 UTC, with a total exposure time of 510 s in the B and V filter each. In each filter, two exposures of 240 s were taken, supplemented with a single short exposure of 30 s to get photometry for the bright stars. We only used the long exposures for our analysis. The seeing during the observations was ∼1.
′′ 15. For reducing the optical images we used the Image Reduction and Analysis Facility (IRAF 3 ) v2.16, supplemented by the MSCRED package for handling and reducing mosaic data.
Basic data reduction steps of bias subtraction and flat-fielding were performed using the bias, and dome-and sky-flat images taken within one day of the science exposures. With the MSC-CMATCH routine, the geometric distortion of the images was removed, and the eight individual chips of a given exposure were combined into a single image. We created a master Vband image by stacking the two individual, slightly offset, 240-s V-band exposures. As a result, in the stacked V image the space between the individual chips of the WFI mosaic (23 ′′ wide along the length of the chips, and 14 ′′ wide along their width) is largely, but not completely, filled in (see Figure  1) . The stellar profiles in one of the B-band images of Cr 261 are very distorted, which prevented us from modelling a good PSF. Since this degrades the quality of the derived photometry, we opted to discard this low-quality image and use only a single 240-s B exposure for our analysis. Therefore, our Bband catalogue of the Cr 261 field has no coverage in the chip gaps.
3. ANALYSIS
X-ray Source Detection and Source Characterisation
We limited the X-ray analysis to the data from chips I 0, I 1, I 2 and I 3. The S 2 and S 3 chips lie far from the I3 aimpoint, giving rise to large positional errors on any sources detected on them. Such large errors make it hard to identify optical counterparts, and thus to classify the sources.
Source detection was done in a soft (0.3-2 keV), hard (2-7 keV), and broad (0.3-7 keV) energy band. The CIAO source detection routine wavdetect was run for eight wavelet scales ranging from 1.0 to 11.3 pixels, each increasing by a factor of √ 2. Larger scales are better suited for more off-axis sources, where the PSF is wider or more distorted. Exposure maps were computed for an energy value of 1.5 keV. The wavdetect detection threshold (sigthresh ) was set at 10 −7 . The corresponding expected number of spurious detections per wavelet scale is 0.42 for all four ACIS chips combined, or 3.35 in total for all wavelet scales. We ran wavdetect for the three different energy bands and then cross-correlated the resulting source lists to obtain a master X-ray source list. We detected 113 distinct X-ray sources. To check if we had missed any real sources, we ran wavdetect again for a detection threshold of 10 −6 , which increases the expected total number of spurious detections to 33.5. We found a total of 151 distinct X-ray sources with more than two counts (0.3-7 keV) in this case. The positions of seven of the extra 38 sources are found to match those of short-period binaries discovered by Mazur et al. (1995) (see Sect. 3.4) . Close, interacting binaries are plausible real X-ray sources and indeed the expected number of chance alignments between the Chandra detections and the binaries in the Mazur catalogue is very low (Sect. 3.5). It is therefore likely that at least these seven additional sources are real; but given the ∼34 spurious detections that are expected, we do not believe that there are many Table 2 for their classification). The plasma temperature kT or photon index Γ, and the column density N H can be estimated from the location of a source with respect to the grid: blue curves represent lines of constant N H normalised in units of 10 22 cm −2 (N H,22 , where N H,22 ≈ 0.19 cm −2 is the cluster value), whereas orange curves are lines of constant kT (labeled in units of keV; left), and yellow curves are lines of constant Γ (right). The median energy E 50 can be read off from the top x-axis. Here we show sources with twenty net counts (0.3-7 keV) or more; error bars are shown only for the sources with the highest and lowest number of counts in a given panel. Filled coloured symbols mark X-ray sources for which we have found candidate optical counterparts. Among them, green circles represent ABs and candidate ABs (Sect. 4.1), olive triangles are for candidate CVs or AGNs (Sect. 4.2), yellow four-point stars for candidate BSSs, pale red downward triangles for candidate SSGs, maroon downward triangles for candidate YSS (Sect. 4.3), pale blue squares for likely non-members of the cluster (Sect. 4.4), and deep blue diamonds for sources with uncertain classification (Sect. 4.5). Furthermore, sources CX 18 and CX 27 that have close-binary counterparts (Mazur et al. 1995) are marked with a larger black open circle.
more real sources among the extra detections. We flagged the sources that are only found for sigthresh=10 , but kept them in the master source list.
For computing the positional uncertainties, required for cross-correlation with other source catalogues, we used Eq. 5 from Hong et al. (2005) , which gives the 95% confidence radius on the wavdetect position, P err . The wavdetect routine provides us with the source positions, but is not optimised to measure source counts. We determined the net source counts using ACIS Extract (Broos et al. 2010 . All events between 0.3 and 7 keV were extracted from regions enclosing ∼90% of the PSF at 1.5 keV. ACIS Extract also performs variability characterisation based on a Kolmogorov-Smirnov (K-S) test on the event arrival times for sources with five counts or more that spend more than 90% of the total exposure time on the ACIS-I chips 4 . For example, a source near a chip edge could effectively have a shorter exposure time if the telescope dither motion occasionally moves it off the detector. There were 76 sources with no evidence for variability (0.05 < P KS ); four sources which showed possible variability (0.005 < P KS < 0.05; CX 9, CX 13, CX 64, CX 93) and four which were likely variable (P KS < 0.005; CX 63, CX 91, CX 120, CX 137), where P KS is the probability for a source to have a constant count rate. The X-ray light curves of the variables suggest flare-like behaviour, with a large fraction of the total events arriving in a relatively short time interval. The brightest of these sources is CX 63, for which thirteen of seventeen events arrive in the last 3.5 h of the observation (and nine of seventeen events in a single hour). For the other three sources, 80% or more of the events arrive within 2.5-3 h. X-ray flares are commonly observed in active late-type stars or binaries. This is consistent with our classification of CX 120 (a W UMa binary and likely non-member of the cluster) and CX 91 and CX 137 (likely foreground latetype dwarfs). The classification of CX 63 is less secure, but it could be a late-type star or binary as well. These sources are further discussed in Sects. 4.4 and 4.5.
Only five sources in our catalogue have more than 100 net counts (0.3-7 keV), with the brightest source having 475 net counts. For the majority of our sources the spectrum of the X-ray emission is therefore poorly constrained. We calculated unabsorbed flux values in the 0.3-7 keV band, F X,u , for each source from its net count rate and local rmf and arf response files using Sherpa. We assumed a 2 keV MeKaL model (xsmekal) attenuated by a neutral hydrogen column density N H = 1.9 × 10 21 cm −2 (the value for Cr 261) using the xstbabs model. The MeKaL model describes the emission from a hot, diffuse gas or optically thin plasma, as is appropriate for ABs. Since the nature of our sources is unknown a priori, and the number of counts is too low to do any detailed spectral fitting, we explored the effect of using different spectral models on the derived values of F X,u . We compared the unabsorbed flux values obtained using the 2 keV MeKaL model with those obtained using a 1 keV MeKaL model, a 10 keV thermal bremsstrahlung model (xsbrems) and a powerlaw model (xspowerlaw) with a photon index, Γ, set to 1.4; the xstbabs model was used in all cases. The flux values obtained using these models were about 6% smaller, 40% larger, and 80% larger, respectively, than the flux value obtained using the 2 keV MeKaL model. The X-ray sensitivity limit, as defined by the unabsorbed flux of the faintest detection, was found to be ∼ 6 × 10 −16 erg cm −2 s −1 for the 2 keV MeKaL model and assumed cluster N H , which corresponds to an Xray luminosity of L X ≈ 4 × 10 29 erg s −1 (0.3-7 keV) at the adopted cluster distance (2.5 kpc). 4 based on the evaluation of the FRACEXPO keyword generated by mkarf in CIAO In order to characterise the spectral properties of our Xray sources we use quantile analysis, which is optimised for sources with few counts (Hong et al. 2004) . In this method, the median energy, E 50 , and 25% and 75% quartile energies (E 25 and E 75 , respectively) of the source events' energy distribution are used to determine spectral hardness and spectral shape. Conventional X-ray hardness ratios use fixed energy values for defining hard and soft energy bands, and give results of little meaning if all events lie in either the soft or the hard energy band. Details of the source properties are presented in Table 1, while quantile 
Optical Source Catalogue
The absolute astrometry of the optical images was tied to the International Celestial Reference System (ICRS). We did this by computing an astrometric solution based on the positions of unsaturated stars in the field that are also included in the USNO CCD Astrograph Catalog 4 (UCAC4; Zacharias et al. 2013) . For the V image we used 1912 unsaturated stars and obtained rms residuals of 0.
′′ 141 in right ascension and 0.
′′ 166 in declination in the solution. For the B image, we used 1773 unsaturated stars and obtained residuals of 0.
′′ 157 in right ascension and 0. ′′ 173 in declination. For performing photometry, we used the DAOPHOT package in IRAF. After creating a source catalogue for the B and the V image separately, we cross-matched each of them with the Gozzoli et al. (1996) catalogue in order to convert our instrumental magnitudes to the Gozzoli et al. calibrated magnitudes in the Johnson system. The Gozzoli study covers a region of radius 3.
′ 5 around their adopted cluster centre. We found 2018 matches for the sources in the B catalogue within a calibratedmagnitude range 13.7 < B < 24.0, and 2276 matches for the V catalogue within a range of 13.0 < V < 22.5. We manually inspected all the matched sources and found that none appeared to be blended or saturated. Over these magnitude ranges, a constant offset provides a good transformation from instrumental to calibrated magnitudes. The resulting WFI source lists for the entire field have a calibrated magnitude range of 12.9-23.5 in V and 13.7-24.6 in B. Finally, we cross-matched the B and V source lists to make a master optical source list. Some sources in the master catalogue were detected in the V band but were not present in the single B image due to its chip gaps and a shorter exposure.
The colour-magnitude diagram (CMD) of Figure 3 shows our B and V photometry of stars inside r h (see next section).
Estimate for the Half-mass Radius and Mass of Cr 261
One of our aims is to compare the number of X-ray sources in Cr 261 with those detected in other old open clusters and globular clusters. Making a uniform comparison between clusters requires an estimate for their masses and structural parameters. An estimate for the King-profile (King 1962 ) core radius r c of Cr 261 was derived by Froebrich et al. Figure 2 . Furthermore, sources with close-binary counterparts are circled with a larger black open circle; for these stars, the BV photometry is obtained from (Mazur et al. 1995, see Sect. 4 .1). Solid lines represent isochrones (Bressan et al. 2012; Chen et al. 2014; Tang et al. 2014; Chen et al. 2015) for the upper and lower limits of the cluster reddening (red for E(B − V) low = 0.25, and black for E(B − V) up = 0.34). Dotted lines are the same isochrones but shifted upward by −0.75 mag to indicate the limit for unresolved photometric binaries. The dashed line represents a zero-age main-sequence isochrone. Error bars are smaller than the symbols for some sources. The combined uncertainty in the location of the isochrone due to reddening and distance uncertainties is shown in the rectangle at the top right. For clarity, the ABs and uncertain classifications have not been labeled.
(2010) and Kharchenko et al. (2013) , who found two significantly different values, viz. 52
′′ and 192 ′′ ±48 ′′ , respectively. These values are based on the 2MASS near-infrared catalogue (Skrutskie et al. 2006) , and (in case of Kharchenko et al. only) the optical PPMXL catalogue (Röser et al. 2010) . Both star lists are relatively shallow, reaching 1 mag below the Cr 261 main-sequence turnoff. At the same time, the PPMXL proper motions in the field of Cr 261 (used by Kharchenko et al. to weed out possible non-members) have relatively large errors (∼9 mas yr −1 , on average) and do not display a clear distinction between cluster stars and field stars. We decided to derive our own estimate of r c and r h , without making use of the PP-MXL proper motions.
In order to estimate r h for Cr 261, we assumed that the stars are symmetrically distributed about the cluster centre according to a King profile. In Figure 4 we plot the projected stellar density f (r) versus radial offset from the cluster centre r, computed in 50 ′′ -wide annular regions around the centre. Stars were selected from the region between two 7-Gyr isochrones of solar metallicity (Z = 0.019; Bressan et al. 2012) . One is modified for a distance of 2.5 kpc and reddened by E(B − V) = 0.34; the second isochrone is the same, but shifted upward in the CMD by -0.75 mag. This is done to include the contribution from unresolved photometric binaries (see Figure 3 ). To correct for the contribution from stars that are unrelated to the cluster, we estimated the density of stars within the same magnitude and colour limits, from a catalogue we created from offset fields in our WFI image (the blue rectangles in Figure 1 ) that lie outside the cluster radius r 2 (Kharchenko et al. 2013) . We fitted the function f (r) = f 0 (1 + (r/r c ) 2 ) −1 to this background-corrected radial profile; here f 0 is the central projected stellar density. This function is the limit of the King profile for the assumption that the tidal radius r t is much larger than r c . In the case of Cr 261, the values of r c ≈ 0.
′ 8 and r t ≈ 22. ′ 2 as derived by Kharchenko et al. (2013) , support this assumption. Fitting the above function to the radial-density profile, gives us a centre for the cluster that is about 1.
′ 5 different from the one given by Kharchenko et al., viz. α 2000 = 12 h 38 m 07. s 1,
• 23 ′ 33 ′′ , with a formal uncertainty of about 16 ′′ . We have used this new cluster centre for all purposes in this study. The best-fitting King profile has r c = 157 ′′ ± 16 ′′ , consistent with the value from Kharchenko et al. Adopting this value of r c and assuming that the total mass of the cluster is contained within r 2 , we used Eq. A3 in Freire et al. (2005) to compute r h . We find that r h = 384 ′′ ± 38 ′′ . We estimated the mass of Cr 261 from the integrated V magnitude I(V) of the cluster, following the method of Bellazzini et al. (2008) . We calculated the integrated magnitude of stars inside r h (i.e. I h (V)) by summing the V-band fluxes of the stars inside r h that satisfy the same magnitude and colour restrictions as outlined above. Again, photometry of the offset fields provides a correction for the flux density of foreground and background stars. We converted I h (V) to the absolute integrated V magnitude of stars inside r h , which resulted in M h (V) ≈ −3.6. Next, we compared this value with the theoretical curves for the evolution in time of the absolute V magnitude of solar-metallicity star clusters of various, constant, masses (Bellazzini et al. 2008; Bragaglia et al. 2012) . The age of Cr 261 (7 Gyr) combined with our estimate for M h (V), yields an approximate value for half the cluster mass of 4000-5500 M ⊙ . The uncertainty stems from the range spanned by the theoretical curves computed for different initial-mass functions. As a final step, we have reduced the inferred total mass (about 8000-11 000 M ⊙ ) with an empirical scaling factor. This was motivated by our finding that the above method overestimates the masses of the old open clusters M 67 (by a factor 1.1-1.7) and NGC 188 (by a factor of 1.3-1.9), for which accurate virial masses have been determined (Geller et al. 2008 (Geller et al. , 2015 . After scaling, our estimate for the total mass of Cr 261 is about 5800-7200 M ⊙ .
Obviously, our mass estimate should be considered as approximate, only: we assumed that the total cluster mass is contained within Kharchenko et al.'s cluster radius r 2 , we have no comprehensive list of members, and the evolutionary sequences for M(V) from Bellazzini et al. (2008) may not be a perfect match to Cr 261 (in metallicity or mass function). For our purposes, though, this estimate is good enough.
Optical and X-ray Cross-matching
The possible error in the alignment of Chandra's absolute astrometry to the ICRS is small 5 , but still allows for a systematic offset between the X-ray positions and our ICRScalibrated optical positions. This systematic offset, or boresight, can be comparable in size to the random errors on the X-ray positions (P err ), and can complicate the search for optical counterparts if not corrected for. To calculate the boresight, we used the 45 short-period (P < 3 d) close binaries that were discovered by Mazur et al. (1995) in an opticalvariability study of the Cr 261 field. The reason for using the short-period variables for calculating the boresight is that close binaries are plausible X-ray emitters and hence, there is a lower chance of spurious detections that could affect the boresight measurement (see also Sect. 3.5). With the finding charts in Mazur et al., we were able to identify all 45 variables among the WFI sources. Their WFI positions were then cross-matched with the X-ray catalogue, where we adopted a 95% match radius that combines the error in the optical po-sitions 6 and the random error on the X-ray positions (P err ) in quadrature. To account for errors in the alignment, we also add the 95% confidence radius on Chandra's absolute astrometry. Fifteen candidate counterparts were thus found, which were then used to calculate the boresight from the average X-ray-optical positional offsets. After updating the Xray positions for this initial boresight, the cross-matching was repeated until the net boresight converged. This method for calculating and correcting for the boresight is outlined in detail in Sect. 3.3.1 of van den Berg et al. (2013) . We found a small boresight that is consistent with zero, viz. 0.
′′ 06±0. ′′ 07 in right ascension and 0.
′′ 09±0. ′′ 08 in declination. After correcting the X-ray source positions for the (almost negligible) boresight, we matched our X-ray source list with the entire optical source list, again using 95% match radii. For 89 unique X-ray sources, we found 124 optical matches; of the latter, 104 are present in both the V and B images while for 20 we only have a V or B detection. We also inspected the area around each X-ray source in the WFI images by eye, and discovered that five more X-ray sources have candidate optical counterparts that are saturated and therefore missing from our optical catalogue. Finally, we added to the list of candidate counterparts six optical sources that lie just outside the 95% match radius, but inside the 3-σ radius. In total, 98 of the 151 unique X-ray sources were thus matched to one or more optical sources. For a complete list of candidate counterparts and their optical properties we refer to Table 2 .
False Positives Test, Background Galaxies, and Galactic Sources
To estimate the number of spurious matches between our X-ray and optical sources, we calculated the surface density of optical sources. Within r c , the average density is 0.029 sources arcsec −2 , while between r c and r h it drops slightly to 0.024 sources arcsec −2 . Multiplying the optical source densities with the total area covered by the 95% error circles of the X-ray sources in the two regions, we expect 2.4 spurious matches among the 23 matches that we find in this central region, and 11.6 spurious matches among the 47 matches in the outer region. Similarly, we use the number of Mazur variables per arcsec 2 to estimate that the number of spurious matches between X-ray sources and variables is 0.021 out of seven matches in the inner region, and 0.022 out of seven matches for the outer region (one X-ray-detected Mazur variables lies outside r h ). Therefore, all Mazur binaries that match with a Chandra source are likely real counterparts.
In order to estimate the number of background galaxies N B among our X-ray detections, we used the relation for the cumulative number density of high-galactic-latitude X-ray sources above a given flux limit S (Eq. 5 in Kim et al. 2007 ). We adopted the log N B −log S relation for the 0.3-8 keV band, which of the energy ranges considered in the Kim study is closest to our broad band (0.3-7 keV). To convert counts to fluxes we adopted a power-law spectrum with Γ = 1.4 and N H = 2.3×10 21 cm −2 , i.e. equal to the total integrated Galactic column density along the line of sight (Marshall et al. 2006) . We calculated N B for r < r c , where most X-ray sources that are truly associated with Cr 261 are expected to lie. The reason is that closer to the centre, the density of cluster stars is simply higher; in addition, mass segregation makes the radial distribution of binaries (and thus potential X-ray sources) more concentrated. For a 5-count detection limit, we expect N B ≈ 9.5 ± 3.1 versus 22 sources actually detected. For a 10-count limit, it is expected that ∼ 5.7 ± 2.4 of the ten sources detected are extra-galactic. In the region r c < r ≤ r h , 45.7±6.8 of the 58 sources detected above 5 counts, or 27.3 ± 5.2 of the 38 sources detected above 10 counts are expected to be extragalactic. These numbers indicate that we do detect a population of, mainly faint, X-ray sources that is truly associated with the cluster.
Given the low Galactic latitude of Cr 261, a few foreground X-ray sources are also expected to contaminate our sample. The exact number is hard to estimate since there is no Galactic X-ray source density distribution for this latitude that reaches down to our detection limit. We have used the log N − log S curves from Figure 9 in Ebisawa et al. (2005) for the soft band (0.5-2 keV), and read off the log N for a flux limit that corresponds to a 5-count detection emitting a 2 keV MeKaL spectrum and N H = 1.9 × 10 21 cm −2 . We expect ∼2.0 Galactic sources in the region inside r c and ∼8.2 sources in the r c < r < r h annulus; this must be an upper limit since the Ebisawa field lies right in the plane while Cr 261 is a few degrees off. Other factors, such as the difference between our and Ebisawa's soft band, and uncertainties in the X-ray spectral model and N H , also affect the accuracy of this number.
RESULTS
We used three criteria to classify our X-ray sources. First, we considered the hardness of the X-ray spectrum as inferred from the energy quantiles. Coronally active stars and binaries have thermal X-ray spectra with plasma temperatures that generally do not exceed 3 − 4 keV (e.g. Güdel 2004 ). The integrated Galactic column density in the direction of Cr 261 is ∼2.3 × 10 21 cm −2 ; Galactic X-ray sources without any intrinsic absorption should therefore have an N H not larger than this. As a result of these temperature and N H constraints, the expected E 50 values for coronal sources are not much higher than ∼1.5 keV 7 . On the other hand, accreting binaries with compact objects, and AGNs often have intrinsically harder Xray spectra, and sometimes are observed through additional, localised obscuring material; in both cases, the expected E 50 is higher than ∼1.5 keV. 7 In the MeKal grid of Figures 2a and 2c , the location kT ≈ 4 keV and N H ≈ 2 × 10 21 cm −2 corresponds to E 50 ≈ 1.5 keV (see top axes).
Secondly, we looked at the ratio of the unabsorbed X-ray to optical flux, or the limits thereon for sources without candidate optical counterparts. We calculated this ratio with the equation log(F X /F V ) u = log F X,u + V 0 /2.5 + 5.44, where the last term is the logarithm of the V-band flux for sources with V = 0. We adopted a 2 keV MeKaL model to calculate X-ray fluxes, assumed N H = 1.9 × 10 21 cm −2 to correct for absorption, and used V 0 = V − A V = V − 1.05. We caution that for most sources, N H is unknown; if the adopted N H is lower (higher) than the actual N H , the flux ratio is overestimated (underestimated). Like E 50 , the flux ratio is mostly useful to distinguish between coronal and accretion-powered sources. The former typically have log(F X /F V ) u −1, with the most active late-type dwarfs reaching values of about −0.5, while the latter have log(F X /F V ) u −1 (Stocke et al. 1991) . Indeed, for our sources, the average flux ratio is lower for soft (E 50 1.5 keV) than for hard (E 50 1.5 keV) sources ( Figure  5 ). An optical source inside the X-ray error circle is not necessarily the true counterpart, but can be a spurious match. Finding a relatively hard X-ray source with a low log(F X /F V ) u value, can signal such a random alignment.
For sources with candidate optical counterparts we also took into account the position of these matches in the CMD. In most cases, this works reasonably well to separate ABs from AGNs (which can lie far off the cluster sequence) and CVs (which typically are blue). The position in the CMD does a poor job in separating cluster stars from fore-or background stars. As can be seen in Figure 3 , and also in the CMDs in Gozzoli et al. (1996) , the cluster stars do not clearly stand out. The lack of membership information for stars in the field of Cr 261 limits the classification of our Chandra sources, as we discuss below. In the following, X-ray fluxes and luminosities refer to the 0.3-7 keV band.
Active Binaries and Candidate Active Binaries
For identifying possible ABs in Cr 261, we selected sources with candidate optical counterparts that lie along the cluster main sequence or sub-giant branch; if a source has multiple matches that all satisfy this condition, it is also classified as a (candidate) AB. We allowed for the possible contribution to the light by a binary companion, and for uncertainties in the reddening, as indicated by the pairs of black and red isochrones in Figure 3 . The uncertainty in the cluster distance (∼350 pc, based on the range of distances reported in the literature), and in our absolute photometric calibration (Sect. 3.2) are also sources of systematic error (see the error bar in the top right of Figure 3 ). Therefore, we classified candidate matches that are only a little bit off the main sequence or sub-giant branch as ABs, too.
A total of 33 Chandra sources satisfy the photometric criteria outlined above and have E 50 values within 1σ of 1.5 keV or lower; all have log(F X /F V ) u −1.4. We classified them as "AB" in Table 2 . Four additional sources (CX 62, CX 80, CX 115, CX 125) have similar optical and X-ray properties, Figure 5 . The median energies E 50 and X-ray-to-optical flux ratios log(F X /F V ) u show a trend of lower flux ratios for soft sources than for harder sources. For sources without optical counterparts, the lower limit on log(F X /F V ) u (shown as open circles) was calculated for the detection limit V = 23.5. For sources with multiple counterparts, the range on log(F X /F V ) u is indicated with a vertical line. Error bars on the flux ratio only include statistical errors, not any systematic errors resulting from uncertainties in the adopted X-ray spectral model. CX 150 is an outlier and may be spuriously matched to the star in its error circle. Only sources with σ E 50 < 1 are plotted.
but with errors on E 50 that are too large ( 1 keV) to meaningfully constrain their X-ray spectra; these sources were classified as "AB?". CX 25 is an uncertain AB because its position in the quantile diagram suggests an N H that is enhanced with respect to the Galactic column, which is not expected for typical ABs. Finally, CX 41 and CX 57 have E 50 = 2.2 ± 0.5 keV and 2.5 ± 0.5 keV, respectively; this is on the high side for ABs, but given the large errors, we also put these two sources in the "AB?" category. With B − V = 1.34 at V = 20.15, CX 41 is relatively blue, but not as offset from the main sequence as the sources discussed in Sect. 4.2; however, it is not inconceivable that this source is an AGN or a CV. We expect that a significant number of "AB" and "AB?" sources are foreand background active stars or binaries.
Ten ABs are matched to Mazur variables. CX 27/V42, CX 89/V11, CX 97/V38, and CX 138/V21 are (semi-)detached eclipsing binaries. The first three have periods of 1.3 d or shorter, while the light curve of V21 shows eclipselike events with an unconstrained period. The maximum orbital period that can be tidally circularised in ∼7 Gyr (i.e. the age Cr 261) is ∼15 d . Since the time scale for tidal synchronisation is shorter than that for circularisation (Hut 1981; Zahn 1989) , it is perfectly plausible that at least V42, V11, and V38 contain rapidly rotating, and therefore X-ray-active, stars. The time span of the WFI observations is ∼0.75 h, with the B data taken first. For CX 149/V33, with a period of 6.96 h and a large-amplitude (∼0.8 mag) light curve, this spans ∼0.1 in orbital phase. If our observations happened to be timed around eclipse ingress (something we cannot check because the ephemeris is not known with sufficient precision), this can explain why we find a much bluer colour (B − V = 0.72) than Mazur et al., who report B − V = 1.09, i.e. right on the main sequence. We found similar colour differences for a few other variables. Mazur et al. adopted a method that makes their colours much less sensitive to non-simultaneous measurements. Therefore, in Figure 3 , we plotted the variables with their Mazur photometry (see Table 3 ), if available.
Candidate Cataclysmic Variables or AGN
Our mass estimate for Cr 261 (5800-7200 M ⊙ ) is similar to the mass of NGC 6791 (5000-7000 M ⊙ ). If CVs in open clusters are primordial, Cr 261 would host a similar number of CVs as NGC 6791, i.e. 3 to 4 (van den Berg 2013). CVs typically lie to the blue of the main sequence due to the light from the accretion disk, and possibly from the white dwarf (although in the B band, the blue excess is not always that obvious, see e.g. Bassa et al. 2008 ). For eleven sources, the candidate optical counterpart(s) are blue with respect to the main sequence, and ten of them are possibly CVs: CX 4, CX 8, CX 20, CX 22, CX 24, CX 38, CX 44, CX 54, CX 70, and CX 151 9 . The other blue source, CX 120, is not a member of the cluster (see Sect. 4.4). We consider a source to be blue if it lies to the left of the isochrone that is reddened for the lowest possible cluster reddening. In addition, we require the blueward offset from this isochrone to be at least 0.13 mag, i.e. the errors on the absolute photometric calibration in V and B added in quadrature (see Sect. 3.2).
The ten sources listed above have E 50 values between ∼1.5 and 2.8 keV, log(F X /F V ) u between -2.5 and +1.0, and L X between 5 × 10 29 and 3 × 10 31 erg s −1 . This is consistent with a CV classification, although log(F X /F V ) u ≈ −2.5 for CX 151 is on the low side for a CV; this may suggest a different source class or the presence of a random interloper in the X-ray error circle. We label these sources as candidate CVs ("CV?" in Table 2 ). Confusion with other classes in this part of the CMD is mainly with AGNs, which outnumber the CVs in the field observed (Sect. 3.5) and can have similar blue colours 9 The optical match to CX 22, and one of the matches to CX 24, are only detected in B, but the detection limit in V implies they must be blue (B − V 0.7). and X-ray properties. However, since very few CVs in open clusters have been found, it is worthwhile to highlight any candidates. Follow-up optical spectroscopy can confirm or disprove whether a source is a CV nor not.
Candidate Blue Stragglers, Yellow Stragglers, and Sub-subgiants
Some of the brightest X-ray sources in old open clusters are members that lie off the main locus of the cluster in the CMD. These systems challenge our understanding of binary evolution, and, in some cases, we do not understand why they emit X-rays (van den Berg et al. 1999) . Therefore, they deserve special attention.
Blue straggler stars (BSSs) are bluer and brighter than the main-sequence turnoff (MSTO) of a coeval population. Their formation scenarios must explain how these stars managed to continue core hydrogen burning for a longer time than cluster stars of similar mass. Mass transfer in a binary, direct collisions, and the merger of the close inner binary in a hierarchical triple driven by the Kozai-Lidov mechanism, are the three proposed formation channels (Davies 2015) . For most BSSs, it is not clear which (if any) of these channels applies. The detection of X-rays in a bona-fide cluster BSS is a sign of ongoing binary interaction and thus provides a clue to the current system configuration. There is no strict brightness limit with respect to the MSTO that we can use to select candidate BSSs in Cr 261. In M 67, which has one of the beststudied BSSs populations, the brightest BSS (F 81; Leonard 1996) lies ∼2.7 mag above the MSTO in the V band. We take the equivalent location in the CMD of Cr 261, i.e. V ≈ 14, as a (somewhat arbitrary) limit, and consider brighter stars to be non-members. We thus find eight matches with candidate BSSs: CX 18/V45, CX 67, CX 73, CX 74, CX 86/V12, CX 130, CX 132, and CX 136/V22. Except for CX 67, these sources are soft (E 50 1.4 keV) and all have log(F X /F V ) u between -3.9 and -2.8. This is consistent with the properties of ABs, and their X-rays are therefore likely the result of magnetic activity. Indeed, three sources are matched to (semi-)detached eclipsing binaries with periods between 1.1 and 2.1 d. V12 and V22 show Algol-type light curves. The idea of a possible link between Algols and BSSs was already put forth by McCrea (1964) . In an Algol binary, the originally less massive star is now observed to be the more massive one as a result of the mass it received from its Roche-lobe filling companion-here we may be seeing a BSS "in the making". It would therefore be particularly interesting to determine if V12 and V22 are cluster members.
The candidate counterparts of CX 9 and CX 123 lie between the BSSs and red giants. Stars in this region of the CMD have been dubbed yellow stragglers and may be BSS descendants. All yellow stragglers in M 67 are solid cluster members and X-ray sources (Belloni et al. 1998) . Their X-ray properties point at the presence of magnetic activity, and the same appears to be the case for CX 9 and CX 123.
Finally, sub-subgiants (SSGs) or red stragglers, lie below the sub-giant branch or to the red of the base of the giant branch. Whereas BSSs seem to have somehow managed to prolong their main-sequence lifetime, SSGs resemble (sub-)giants that have evolved from stars less massive than the turnoff mass. Little is known about the evolutionary history that has led to their current CMD position (see van den Berg (2013) for a summary). We see three candidate SSGs in Cr 261: CX 12, CX 31, and perhaps CX 58. Their X-ray properties are consistent with those of ABs. CX 58 may be too faint for a SSGs, but just as there is no "bright" limit for BSSs, there is no well-defined "faint" limit for SSGs.
The alternative explanation for the sources discussed above is that they are foreground stars. Assuming N H = 0, they could be early-G to late-K foreground dwarfs at distances up to 1.6 kpc (Mamajek 2016 10 ) with L X ≈ (4 − 9) × 10 27 erg s −1 .
Cluster Non-members
CX 120 and CX 68 are matched to the variables V34 and V20, respectively. V34 was classified as a W UMa binary behind the cluster. The eclipsing binary V20 lies well to the red of the main sequence, which makes it an unlikely cluster member. Their X-ray properties are consistent with those of ABs. Six more X-ray sources have very red counterparts: CX 10, CX 15, CX 53, CX 77, CX 91, and CX 137. If we assume these are foreground (N H ≈ 0) late-type stars, their B−V colours suggest they are mid-to late-type M dwarfs at about 40-215 pc; this implies L X ≈ 1 × 10 26 to 4 × 10 28 erg s −1 . CX 91 and CX 137 are variable in X-rays, which could point at flares, another signature of coronal activity. The position in the quantile diagram of CX 15 suggests an N H that is higher than the cluster value; it could be an AGN. For CX 10 and CX 77, E 50 is relatively high and they as well may be AGNs.
The soft (E 50 1.4 keV) sources CX 7, CX 30, CX 40, CX 59, CX 95, CX 100 and CX 129 have counterparts that are brighter (V = 11.4 − 13.7) than our adopted bright limit for blue stragglers in the cluster. These are likely foreground stars. We also consider CX 55, which is matched to a star to the blue of the MSTO, as a likely non-member. Their B − V colours are consistent with those of mid-F to mid-K dwarfs (for N H = 0). Using the corresponding distance estimates (75-2400 pc), we find L X ≈ (0.1 − 20) × 10 29 erg s −1 .
Unclassified Sources
Nineteen sources remain unclassified for various reasons. Six have candidate counterparts that were only detected in V, so colour information is lacking. Eleven sources have multiple counterparts with very different optical properties, including some that were detected in V or B only. CX 14 is a moderately hard source matched to two optical sources near the main sequence. Its N H appears to be higher than the Galactic 10 http://www.pas.rochester.edu/∼emamajek/EEM dwarf UBVIJHK colors Teff.txt value ( Figure 2) ; it may be an AGN and both optical matches could be spurious. Finally, CX 150 is one of the faintest detections; if the source is real, E 50 suggests it is a very hard, or very absorbed, source ( Figure 5 ). The match to the star on the sub-giant branch may be coincidental.
Sources Without Candidate Optical Counterparts
For 53 sources, we do not find any candidate optical counterparts. With the detection limit of the WFI images (V ≈ 23.5), we can place lower limits on their X-ray-to-optical flux ratios. These range from log(F X /F V ) u,lim ≈ −0.6 for the faintest (CX 146) to log(F X /F V ) u,lim ≈ 1.5 for the brightest (CX 1) unmatched source. This is consistent with very active late-type dwarfs and accretion-powered sources. The average E 50 for unmatched sources is 2.1 ± 0.5 keV, versus 1.7 ± 0.6 keV for sources that do have candidate counterparts (for detections with 10 or more counts). Given that we expect many extra-galactic sources in our field (see Sect. 3.5), it is likely that most sources without an optical match are AGNs.
5. DISCUSSION
Comparison with Other Old Open Clusters
In order to uniformly compare our results with the X-ray sources in other old open clusters, we select those sources from the Cr 261 X-ray catalogue that are inside r h , and are brighter than L X ≈ 1 × 10 30 erg s −1 (for cluster members). For a detection limit of L X ≈ 1 × 10 30 erg s −1 (0.3 -7 keV; 2 keV MeKaL model), about 57±8 of the 83 sources inside r h above this luminosity cutoff are extra-galactic. Consequently, we estimate that 26±8 sources in this area are associated with the cluster, and consider this an upper limit given the uncertain number of fore-and background Galactic sources.
Allowing for the limitations on our classification, we list in Table 4 our best estimate for the number of candidate CVs, SSGs, and ABs in Cr 261 (based on the discussion in Sect. 4), and three other old open clusters. The lower limit on N AB in Cr 261 is set by the two W UMa's inside r h that Mazur et al. (1995) place at the distance of Cr 261, viz. CX 93/V30 and CX 147/V25. Note that these classes do not capture all source types observed, since some are not represented in each cluster (such as BSSs). In the table we also list a revised mass estimate for M 67. Instead of ∼1100 M ⊙ (Richer et al. 1998 ) that we adopted in van den Berg et al. (2013), we now use the virial mass of 2100 +610 −550 M ⊙ (Geller et al. 2015) . Within the uncertainty, the total number of X-ray sources N X in Cr 261 is consistent with the number for NGC 6791, a cluster of similar mass and age. Considering all four clusters, N X scales with mass more convincingly than before (van den Berg et al. 2013) , now that we add a fourth cluster (Cr 261) and use the updated mass for M 67-but N AB in M 67 remains on the high side. A scaling by mass is expected if the X-ray sources predominantly trace a primordial population of binaries. Since ABs are the largest constituent of the X-ray sources, all or most of them are likely primordial, but whether this is also true for all CVs and SSGs is difficult to say given the smallnumber statistics.
By combining our mass estimate with the total X-ray luminosity of cluster sources inside r h , we compute the X-ray emissivity of Cr 261 (last column of Table 4 ). We do not know which sources inside r h are cluster members and which are not. Therefore, we simply scale down the sum of the individual L X values by the ratio of N X to the total number of sources detected, so a factor 26/83 ≈ 0.31. Given the uncertainty in the membership, a more sophisticated calculation is not really warranted. For NGC 6791, the emissivity was taken from van den Berg et al. (2013) , and for M 67 we updated the value for the new mass. We incorporated new counterpart and membership information from Platais et al. (2013) in the numbers for NGC 6819; the range in emissivity reflects more and less conservative assumptions on which counterparts are cluster members or not. The conversion of the X-ray luminosities from the 0.2-10 keV band, as given in Gosnell et al. (2012) , to our adopted band of 0.3-7 keV was done assuming a 2 keV MeKaL model. Uncertainties in the emissivities are likely dominated by errors in the cluster masses (up to ∼30% for M 67) and the unknown membership status of some sources, especially if they are bright. Systematic uncertainties in the X-ray luminosities themselves have less impact: in Sect. 3.1 we estimated that the difference in flux for a 1 keV and 2 keV X-ray model is ∼6%; given that most X-ray sources are ABs, with coronal temperatures not too far from these values, it is not likely that the choice of X-ray model affects the total Xray flux by more than ∼10%. Allowing for these uncertainties, the four open clusters listed in Table 4 all have similar X-ray emissivities, about 5 × 10 28 erg s
Comparison with Other Old Stellar Populations
It has already been pointed that extrapolating the scaling relation of the number of X-ray sources by mass as seen in low-density globular clusters, predicts no X-ray emitting close binaries in the even lower-density open clusters (see e.g. Gosnell et al. 2012 ) like those listed in Table 4 . This is clearly in contrast with the number of open-cluster X-ray sources actually observed. Our results on Cr 261 are in line with this trend; by adding another measurement to the cluster sample, the perceived "overabundance" of X-ray sources in open clusters is put on more solid ground.
The dearth of ABs and CVs is directly reflected in the lower X-ray emissivity of both low-density and high-density globular clusters compared to old open clusters (Verbunt 2001; Huang et al. 2010; van den Berg et al. 2013; Ge et al. 2015) . Even the emission from quiescent LMXBs and millisecond pulsars, whose presence has so far only been confirmed in globular clusters, cannot make up for that. Some suggested explanations for the differences in X-ray emissivity relate to dynamical processes. A higher fraction of the initial cluster mass may have been lost (in the form of evaporating low-mass stars) from open clusters, as their relaxation times are shorter than those of more massive globular clusters. Also, the higher encounter rates in massive globular clusters lead to the more efficient destruction of binaries, including (relatively wide) RS CVn binaries that contribute a large fraction of the X-rays from (some) open clusters. Other possible explanations relate to the process that underlies the X-ray emission. Huang et al. (2010) remarked that open clusters are younger than globulars, and that the faster-spinning young stars could be more active in X-rays (here we note that the stellar rotation in binaries is set by the orbital period, not the age). In addition, open clusters have higher metallicities than globular clusters, and there are indications that population-I ABs produce more X-rays than their population-II counterparts (Ottmann et al. 1997) .
Interestingly, in a broader comparison of X-ray emissivities of old stellar populations, Ge et al. (2015) found that old open clusters not only have higher X-ray emissivities than globular clusters, but also than other old stellar populations without recent star formation, such as dwarf ellipticals, the outer bulge of M 31, and the solar neighbourhood. In those environments, the stellar density is much lower than in the cores of massive globular clusters, casting doubt on whether differences in density are solely responsible for the difference in X-ray output of old stellar populations.
SUMMARY
With Chandra we have carried out the first X-ray study of Cr 261, one of the oldest open clusters known in the Galaxy. We detected 151 X-ray sources down to a limiting luminosity of L X ≈ 4 × 10 29 erg s −1 (0.3-7 keV) for stars in the cluster. Analysis of deep optical B and V images yielded candidate counterparts to 98 sources. Considering their X-ray and optical properties, we were able to derive constraints on the nature of many sources, despite the lack of membership information. Of the 107 sources inside r h , five are CVs (or other compact binaries) or AGNs. Another 34 sources are (candidate) ABs, and eleven match with stars that possibly followed non-standard evolutionary paths in the cluster environment (blue and yellow stragglers, sub-subgiants)-this group is likely contaminated by fore-and background stars. The remaining sources inside r h have no optical counterparts (39), have ambiguous classifications (7), or match with stars that are very bright or very red (11); we expect that most of these are not associated with the cluster. Follow-up work on the Cr 261 sources, such as optical spectroscopy of the proposed counterparts, or proper-motion studies, are now needed to further constrain the nature and membership status of the X-ray sources in Cr 261, and arrive at a cleaner census of the close binaries.
We used our optical source catalogue to derive an approximate mass for Cr 261. The total number of X-ray sources inside r h above L X = 1 × 10 30 erg s −1 (corrected for the extragalactic background contribution) compared to the number of X-ray sources in other old open clusters, is roughly propor-tional with cluster mass. This points at a dominant primordial origin of the X-ray-emitting sources. Combining the mass with the total X-ray luminosity of cluster sources, we have constrained the X-ray emissivity of Cr 261. The result, ∼ 5×10 28 erg s
⊙ (∼30% uncertainty), agrees with that of the old open clusters NGC 6819, M 67, and NGC 6791. This supports earlier findings that old open clusters are more luminous in X-rays than other old stellar populations, such as the local neighbourhood and globular clusters. Given that the frequency of dynamic encounters in globular clusters and the field is widely different, one may expect that dynamical destruction of binaries is not (solely) responsible for the relatively suppressed X-rays from these environments. It is plausible that the explanation for the high X-ray emissivity of old open clusters must be sought in the open clusters themselves. Other old open clusters included in our Chandra survey span a range of ages (3.5-10 Gyr) and metallicities ([Fe/H] between -0.5 and +0.4); our future work will explore the impact of these parameters on the X-ray emission of old stellar clusters.
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